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Abstract. This paper presents Leaf menu, a new type of contextual linear menu 
that supports curved gesture shortcuts. By providing an alternative to keyboard 
shortcuts, the Leaf menus can be used for the selection of commands on 
tabletops, but its key benefit is its adequacy to small handheld touchscreen 
devices (PDA, Smartphone). Indeed Leaf menus define a compact and known 
layout inherited from linear menus, they support precise finger interaction, they 
manage occlusion and they can be used in close proximity to the screen borders. 
Moreover, by providing stroke shortcuts, they favour the selection of frequent 
commands in expert mode and make eye-free selection possible.  
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Fig. 1. Leaf menu. a) The user presses a target. b) The menu appears after 0.3 s. A stroke 
shortcut is defined for each item. c) When the user releases his finger, the command is 
executed. d) A visual feedback occurs to confirm the selection. e) The user selects the item in 
expert mode and draws the corresponding marks without waiting for the menu to appear.  
1   Introduction 
Although the command selection is a frequent task in interactive systems, few studies 
have been proposed to improve menus for the case of handheld touchscreen devices. 
The widespread menu techniques are still linear menus whereas they do not fit well 
with mobile device limitations. First, in comparison with the interface of a classical 
computer, those of mobile devices are dramatically impoverished: 1) the lack of 
screen real estate makes it difficult to display much information (especially in the 
widthways direction); 2) the user cannot use hotkeys (keyboard shortcuts) because 
there is often no keyboard; 3) there is no right click while using a touchscreen as opposed 
to a mouse. Moreover these devices are used in mobile situations and users very often 
interact with fingers and with only one hand [6]. In this case, they use their thumb and 
this has several implications on interaction including the occlusion of the thumb, the 
difficulty to reach the borders of the screen and the lack of accuracy as defined in [7]. 
To overcome these limitations, we introduce Leaf menu, a context linear menu 
with stroke shortcuts, which is designed for mobile touchscreen devices. Leaf menus 
provide a compact layout, support precise finger interaction, manage occlusion and 
can be used in close proximity to the screen borders. 
2   Related Work 
Thumb menus are dedicated to mobile devices [4]. Indeed they take into account 
the constraints of thumb interaction on mobile devices by avoiding occlusion and 
increasing accuracy. However they do not have an expert mode (often no keyboard) 
and do not permit selections in close proximity to the borders of the screen. Moreover 
their semi-circular layout is not compact in comparison with a linear menu.  
Gesturing strokes define an efficient alternative to increase the accuracy [8]. 
However, they have two limitations. First some strokes cannot be performed near the 
borders (such as a downward stroke in close proximity to the bottom border of the 
screen). Second this interaction style is not self-revealing [5]: the system does not 
provide information about what commands are available and how to invoke them. 
One solution consists of displaying stroke shortcuts to items of menus attached to a 
menu bar [1,5]. However, as these menus are not contextual and stroke shortcuts must 
be explicitly learned, this forces users to interrupt his/her activity’s flow. In the 
opposite way, Marking menus are context circular menus that offer a "fluid transition" 
from novice mode (selection in the menu) to expert mode (gestural interaction) 
because users execute the same gesture in these two functional modes. So, users learn 
the expert mode implicitly just by using the menu repeatedly in novice mode. 
However the circular representation of Marking menus does not fit well with small 
screen devices. Indeed, such menus require more horizontal space than two linear 
menus (items are laid out on both sides around the center point). Moreover, they do 
not solve the problem of strokes in close proximity to the borders of the screen. 
3   Leaf Menu 
Leaf menus are context linear menus with stroke shortcuts (Fig. 1). Leaf menus 
present five main differences with linear menus that overcome the previous 
limitations: 1) When the menu enters in novice mode (after a delay of 0.3 s), it appears 
by default on the south-west zone (for right-handed people) to avoid the occlusion of 
the hand on it, as recommended by [4]; 2) Each item has a corresponding stroke that 
can be used in expert mode (if the user does not wait and begins gesturing immediately); 
3) Stroke shortcuts are drawn globally to the menu (instead of inside the items as in 
[1,5]) in order to be easily legible on small screens and to favour implicit learning as 
with the Making menus; 4) A visual feedback occurs after the activation of one item 
to help the learning of stroke shortcuts ; 5) The Leaf menu uses a mirror effect 
(Fig. 2) when the space below the activation point is not sufficient to display the 
menu. The mirror effect (Fig.2) consists of displaying the menu above the activation 
point and to invert the order of items by a vertical symmetry. By doing so item 1 of 
Fig.2 is always the closest item of the activation point. The item 1 can then be quickly 
reached according to Fitt’s law, no matter what the location of the menu on the 
screen. This contrasts with linear menus where item 1 is the furthest away item when 
the menu is activated close to the bottom border and is therefore shifted upward. 
When the user does not wait and begins gesturing immediately, the menu is in 
expert mode. As Marking menus, the user must perform the appropriate stroke to 
select an item. Stroke shortcuts are mapped to items depending on their positions in 
the menu, so that the user can easily learn the expert mode. Indeed, this mapping 
helps the user to easily associate an item to a stroke or to predict the other strokes (by 
knowing the position of the item, in the menu or relatively to neighbor items). Since 
the Leaf menu layout corresponds to a quarter of the circular layout of a Marking 
menu, it is not possible to have more than 3 straight gestures for maintaining good 
performance (a limitation identified in Marking menus [5]). Leaf menus therefore 
support curved gestures as in Flower menus [2], an extension of Marking menus. The 
curved gestures are simple enough to be accurately executed and to permit eye-free 
selection, useful when visual modality is already used or impossible in mobility 
context. Leaf menus therefore support 3 straight and 4 curved gesture shortcuts used 
in the expert mode while allowing more items in the novice mode. The frequent items 
can therefore be mapped with the 7 gesture shortcuts. Moreover, Leaf menus are 
hierarchical. In novice mode, they work in the same way as linear menus: submenus 
appear on the left or on the right of the parent item. In expert mode, the user executes 
a series of "simple" overlapping marks, one mark by menu level [2].  
   
Fig. 2. Left, the four configurations of the Leaf menu (mirror effect). Right, experimental 
results of our pilot study: the type of selection [success or error] and the mode [novice or 
expert] per block number. 
Finally a major difference with previous menus is that the expert mode of Leaf 
menus is always available wherever the menu is activated. Indeed, each item has 
several symmetrical stroke shortcuts, thanks to the mirror effect (Fig. 2). This 
flexibility that Leaf menus offer makes it possible to always have at least one 
available stroke shortcut everywhere on the small screen. 
4   Pilot Study and Discussion 
The experiment aims at evaluating if users can select and memorize commands in 
expert mode. The 8 participants were asked to activate items as quickly and accurately 
as possible on a target. Targets were located in the 4 corners of the screen to evaluate the 
Leaf menu in the worse scenario: indeed users were confronted with all horizontal and 
vertical symmetries. No instructions were given about the mode to use (novice or 
expert). Participants interacted on a HTC P3600 (supporting Windows Mobile 5.0) 
with the thumb of their dominant hand. The experiment was divided into 10 blocks of 
28 trials (7 commands*4 target locations). The order of items was counter-balanced 
and the position of targets was randomized. The 4 results found are explained below. 
Fig. 2 shows the type of selection (success or error) and the mode used (novice or 
expert) per block number. As expected, blocks have a significant effect on correct 
selections in expert mode (F9,63=25.9, p<.0001) indicating that participants learnt and 
correctly used the expert mode (2 blocks of practice are sufficient). Moreover, these 
results can be improved by revisiting our basic recognition algorithm by taking into 
account the morphology of the thumb. For instance, simply by studying the recorded 
traces, 12% of selections in expert mode could be corrected for the item 3.  
An analysis of the first block shows that more than 24% of correct selections were 
made in expert mode for items 1, 6, 7 and more than 15% for items 2 and 4. Then 5 
commands can be quickly learned (< 4 trials) and it is not necessary to independently 
learn all gestures, because the symmetry of the menu helps to deduce them easily. 
This suggests that the simplicity of a gesture may be as important as the repetition. 
This result needs to be investigate further. 
Most of participants said that once gestures are learned (number of blocks > 5), the 
expert mode (89.1% of correct selections) was more accurate that the novice mode 
(84.4%) because gestures are more accurate than a pointing task. So gestures are not 
only faster but also less error-prone, as previously highlighted in [8]. 
Finally, all our participants enjoy the mirror effect and some of them found it more 
"logical" than the linear menu. They also like drawing marks to select items. 
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